Several studies have regarded proximal gastrectomy (PG) as optimal compared to total gastrectomy (TG) for upper stomach cancer. In addition to the traditional outcomes of complication and mortality, change in functional status should be considered as another relevant outcome in aging generations. However, there has been no community-based appraisal of functional outcomes between PG and TG. Using an administrative database, we compared functional outcomes between PG and TG. Among 12,508 patients who survived for ≥15 years and underwent open gastrectomy between 2008 and 2010, we examined patient characteristics, comorbidities, functional status estimated by the Barthel index (BI) at admission and discharge, complications, ICU care, ventilation administration, blood transfusion, operating room time, resumption of oral intake, length of stay and total charges. With reference to distal gastrectomy (DG), we performed multivariate analyses to assess the impacts of PG and TG on complications and BI deterioration. A total of 434 PGs and 4,941 TGs were observed in 148 and 295 hospitals, respectively. Patient characteristics, care process, resumption of oral intake, operating room time, length of stay and total charges were also significantly different among the three gastrectomy types. PG, TG and DG Case 401 were not associated with complications or functional deterioration. Patient characteristics, preoperative blood transfusion and longer operating room time were significantly associated with more complications and BI deterioration. Since patient case mix and longer operating room time were associated with poor outcomes, physicians should recognize the role of PG and might optimally challenge and complete gastrectomies within the appropriate indications.
Introduction
Based on recent changes in the epidemiology of gastric cancer, particularly the fact that the incidence of upper stomach cancer has risen in Western countries, the clinical significance of open proximal gastrectomy (PG) has often been discussed through comparison of short-and long-term outcomes between open PG and open total gastrectomy (TG) [1] [2] [3] [4] [5] [6] . Furthermore, based on recent demographic changes in the increasingly aged generation, surgical procedures would be indicated more for older patients with more comorbidities or disabled functional status.
Since the long-term survival outcomes for patients who have undergone PG have been observed to be equivalent to those for TG, PG has been gradually accepted as the optimal surgery for the upper stomach. It is also associated with a lower frequency of postoperative regurgitation and malnutrition, resulting in better postoperative health-related quality of life compared with TG [2, 3, 5, 6] . However, studies on the variation in both functional outcomes and the traditional outcomes of complications and mortality are rare because detection of gastric carcinoma in its advanced stages is less common in Western countries than in the East Asian countries of Japan and South Korea [7] . Data on quality of care and life are likely to be based on single-center or randomized studies with a limited number of patients and to require a longer study period to obtain definitive conclusions when relatively more patients are involved [1] [2] [3] [4] [5] [6] . In addition, those conclusions might need to be interpreted with caution because both laparoscopic gastrectomy and multidisciplinary care prevail during these longer periods and might result in variation in practice [8] . To address these varying circumstances surrounding PG, the use of a larger administrative database with information on functional outcomes, such as postoperative commencement of oral intake and changes in physical activity in daily life during hospitalization, would be promising for execution of a comparative quality study among PG, TG and distal gastrectomy (DG).
Using a Japanese administrative database including the Barthel index (BI) at admission and discharge and the date and quantity of dispense of medical care items, we aimed to compare functional outcomes at discharge between transabdominal PG and TG with reference to the outcomes of patients who underwent open DG.
Methods

Study Database
Using the Japanese administrative database constructed by the Ministry of Health, Labour and Welfare (MHLW) to develop a case mix classification and determine the payment system, we analyzed patients who underwent PG, TG or DG without thoracotomy at hospitals participating in our case mix project. This database was originally developed by the MHLW as a Japanese case mix classification system in the fiscal year 2002 in conjunction with our research team. It helped establish hospital performance profiles and hospital payment systems in 1,525 hospitals (84 academic hospitals and 1,441 community hospitals) in 2010. The hospitals involved are responsible for delivering acute care, promoting medical research and educating students and postgraduate trainees. This national database comprises discharge summaries, claims data for each hospital and stores information on the quantity or date of every care item provided. It is collected annually between July 1 and December 31.
Our original database included data on 8,177,721 patients in 1,131 hospitals collected between 2008 and 2010. From this group, 17,909 patients from 303 hospitals underwent open gastrectomy (612 PGs across 166 hospitals, 6,970 TGs across 299 hospitals, and 10,327 DGs across 302 hospitals). The MHLW has managed to categorize the surgical procedure code for gastrectomy into three groups: PG, TG and DG, either through laparoscopy or laparotomy. We selected patients aged ≥15 years who had survived at discharge across all hospitals participating in this project consecutively for the 3 years since 2008. We excluded patients with missing or unspecified BI at admission and discharge. Our research project was approved by the Ethics Committee of the University of Occupational and Environmental Health (Kitakyushu, Japan).
Variable Definition
Among the three gastrectomy types (PG, TG and DG), we examined age, sex, mortality, use of an ambulance, principal diagnosis at admission, presence of comorbidities, functional status as activities of daily life measured by BI at admission and discharge, discharge destination (at home or at other facilities), ICU care, ventilation, blood purification (hemodialysis, hemodiafiltration or hemadsorption), blood transfusions, presence of lymph node dissection during gastrectomy, administration of chemotherapy or radiation, complications, hospital patient volume, hospital teaching status, day of commencing postoperative oral intake of a semi-solid diet, operating room time (minutes), length of stay (days) and total charge (1 USD = 90 JPY).
Patients were divided into three age groups: 15-64, 65-74 and ≥75 years. The diagnoses in the database were coded according to the International Statistical Classification of Diseases, 10th version (ICD10). The principal diagnoses were grouped into benign, primary and associated other malignancy. Primary was C16 and D002 in gastric cancer. Associated other malignancy was assigned an ICD code corresponding to malignant neoplasm except for C16 and D002. The remaining diagnoses were assigned ICD codes corresponding to benign neoplasm.
To evaluate the severities of chronic comorbid conditions, the Charlson comorbidity index (CCI) determined by ICD10 codes was used [9] . In addition, a maximum of four unexpected complications, defined as adverse events after admission, were recorded. Complications were summarized as either minor or major complications. Minor complications were assigned when the ICD codes corresponded to wound complications, hematoma, laceration or disruption of organs by instrumentation or manipulation (T81-T87) [10] . Major complications included reoperation for hemostasis, evacuation of hematoma or intra-abdominal abscess, enterostomy, fistulization or bowel resection after the study surgery and lysis of bowel obstruction.
In this study, functional outcomes were addressed by BI improvement during hospitalization and commencement of postoperative oral intake. The BI measures the ability of patients to perform 10 activities of daily life (feeding, grooming, bathing, dressing, bowel and bladder care, toilet use, ambulation, transfers and stair climbing) on a quantitative scale of five-point increments. The BI score ranged from 0 (a totally dependent bedridden state) to 100 (fully independent in physical functioning) [11] . BI at admission was categorized as dependent (BI <59), partially independent requiring assistance (BI 60-84) or nearly completely independent (BI ≥85) [11] . Functional recovery was measured as the BI at discharge minus the BI at admission and was classified into one of three BI change categories: amelioration, no change or deterioration.
The database contains the dates or amount of every medical case, and we were able to examine preoperative and postoperative ICU stays, ventilation, blood purification, blood transfusions and the postoperative day of commencing semi-solid food intake after gastrectomy. We were also able to calculate the amount (ml) of blood used for preoperative, postoperative and overall blood transfusions. Hospitals were classified as academic or community.
For total charges, charges for hospital care are determined by a standardized fee-for-service payment system of the national uniform tariff table and considered to be a good estimate of healthcare costs [12] . Total charges included fees for hospital administration and physicians as well as for instruments, laboratory studies and imaging.
Operating room time was defined as the time required for the anesthetist's procedures, preparation and positioning of video images and skin-to-skin time. Hospital volume was then averaged over 3 years and divided into three groups: low patient volume hospitals (182 hospitals, 1-40/year), medium volume hospitals (78 hospitals, 41-65/year) and high volume hospitals (43 hospitals, 66-183/year).
Statistical Analysis
Categorical variables were reported as the numbers and percentages of patients in each of the three gastrectomy groups and compared using the Pearson χ 2 test. Continuous variables among the three gastrectomy types were compared using the Kruskal-Wallis test. Day of postoperative oral intake, operating room time, length of stay, total charges as well as preoperative, postoperative and overall blood transfusions were compared among the three gastrectomy types. A multiple logistic regression model was used to determine the effects of PG and TG on complications and BI deterioration. To allow for the ceiling effect inherent in the BI, BI at admission categories were included in the models. Statistical analyses were performed using IBM-SPSS 19.0 (SPSS Inc., Chicago, Ill., USA) with p < 0.05 considered to be statistically significant. All reported p values were two-tailed and the level of significance was set at p < 0.05.
Results
Of 12,508 cases of open gastrectomy, 434 patients were treated with PG in 148 hospitals (76 across 26 academic hospitals) and 4,941 patients were treated with TG across 295 hospitals (702 across 36 academic hospitals). The median patient ages differed significantly among the three gastrectomy types (PG 70 years vs. TG 69 years, both lower compared with DG), and the percentage of patients aged ≥75 years who underwent TG (30.7%) was lower compared with DG (35.6%) and PG (34.3%). The proportion of gender, use of an ambulance, principal diagnosis, CCI, BI category at admission, teaching status, hospital volume and complications varied significantly among gastrectomy types, whereas fiscal year did not. The BI change category and destination were not significantly different, although the day of postoperative oral intake was significantly deterred in TG. Variation in the proportion of patients who underwent ICU care, blood purification and transfusion was observed; however, the days on which these treatments occurred did not vary. Operating room time, length of stay and total charges were also significantly different among the three gastrectomy types (table 1).
Neither PG nor TG was significantly associated with complications or BI deterioration. Patients aged ≥75 years, CCI, preoperative blood purification and transfusion, high volume hospital and advancing fiscal year were significantly associated with more complications. Patients aged ≥75 years, dependent functional status, preoperative blood transfusion, academic hospital and advancing fiscal year were accompanied by BI deterioration, whereas complications and high volume hospital were not. Longer operating room time was significantly associated with more complications and BI deterioration (table 2).
Discussion
With the use of a Japanese administrative database, we compared short-term changes in functional outcome at discharge and postoperative oral intake between PG and TG with reference to DG. The three gastrectomy types were not associated with complications or functional deterioration at discharge, although TG deterred the day of commencing postoperative oral intake of semi-solid food. Longer operating room time was significantly associated with more complications and BI deterioration.
Several studies on the quality of PG and TG have recognized the safety and feasibility of PG based on single-center studies with longer study periods of 7 to approximately 25 years. This study, accumulating over 600 patients who underwent PG excluding laparoscopic PG during only 3 years, attempted to enroll a wide patient case mix expressed by process-based severity of ventilation proxy of respiratory failure, blood purification of renal failure, blood transfusion of preoperative anemia and administration of chemo-radiation because these processes would be expected to affect patients' activities of daily life. The positive relationship between the change in BI and the change in health-related quality of life was reported by Giles et al. [13] . Specifically, health-related quality of life was reportedly likely to be lowest 1-3 months after surgery and to reach a plateau thereafter. Longer length of stay of Japanese acute care hospitals has been acknowledged to be due to an acute care hospital definition that differs from that of Western hospitals by the Organization for Economic Co-operation and Development [14] . Turning around this circumstance may provide helpful information to estimate postoperative functional recovery. Because length of stay was 25.7, 27.2 and 30.5 days for patients who underwent DG, PG and TG, respectively, comments on the advantage of short-term quality of life of PG over TG may be justified. Neither PG nor TG were accompanied by complications or BI deterioration, though PG was likely to have shorter operating room time, length of stay and total charges compared with TG. When the gastric cancer is restricted to the upper stomach or limited to the area of the lesser curvature, PG might be advocated over TG because a longer operating room time was associated with more frequent complications in this study.
Gastric resection for gastric cancer is less frequent in Western countries than in Japan; there are more colorectal surgeries in Western countries [15] . Some reports, including this study, have indicated that complications or mortality from gastric cancer are lower in Japan than in Western countries [1, 5, 15] . TG was reportedly originally indicated for more advanced gastric cancer or wider tumor involvement in the lesser curvature, whereas some studies justified the performance of PG regardless of cancer stage [4] . This discrepancy in the propensity for PG or TG might be cancelled by the greater familiarity with gastrectomy in Japan, which would in turn endorse PG as the optimal surgical option for gastrectomy for various kinds of patient case mixes, including functional status. Japan is now facing a remarkable increase in the aging generation compared with Western developed countries; thus, PG may be challenged more frequently because there was no significant variation in the proportion of the three gastrectomies.
Some limitations in our study require comment. First, this study was observational, and the information was gathered from discharged patients during 6-month periods (July 1 to December 31) for 3 years starting in 2008. However, the MHLW gathered all hospitals participating in this case mix project and plans to extend the study period to 12 months starting in 2010. This will also improve the exhaustiveness of patients who have undergone PG and the generalizability of results derived from this kind of study. Second, some important clinical data, including the primary location of gastric cancer, body weight and cancer stage, were not included. The MHLW has also requested that hospitals include cancer stage, height and body weight in this administrative database since 2010. These accumulated clinical data would control the propensity for PG or TG, and the results of functional outcomes would be more validated. Third, excluded patients were likely to be older and comorbid and cared for in high volume and academic hospitals more frequently than the included patients, which might necessitate more cautious interpretation of these results (see online supplementary table 1, www.karger.com/doi/10.1159/000339715).
In conclusion, we used a Japanese administrative database to compare the patient demographics, care process, resource use, complications, functional status at admission and discharge as well as resumption of postoperative oral intake among patients who underwent PG, TG and DG. None of these three procedures were associated with complications or functional deterioration at discharge. Longer operating room time and preoperative care processes as proxy of disease severity were significantly associated with more complications and BI deterioration. Since PG was likely to be associated with a shorter operating room time than TG, PG might be optimally challenged and completed within the appropriate indications. 
